June 30, 1949.

Dear Howard,

Your letter concerning "duplex' prototrophs followed directly on ths heels
of one from L, Cavalli (in Fisherss lab. at Cambridge) who raised exactly the
same polnt, concerning essentlally the same strains. However, ¥-(77 does not
carry Let.

My 1947 Gehetics paper seeums to suggest that duplex prototrophs occur rarely
(L/90) if at all (Cf p. 520). 1In Dec. 1947, I wmmt into the matter again, perfor-
ming the crosses (e.g. ¥-40 x W-lyv this &s a !al- mtant of ¥=53) on TS Lac and
FiS Mal with B . Yers, the duplex colonios can be identified because thay are sec-
tored. Some of*the data (exp. 5la) wers:

- - sectored. £s8. % of -~ s,
La 99 . 189 5 1.7 5
Mal 37 529 7 1.2 19.

At that time, I thought that these data indicat:d that as many as 20% of the
gygotes wers ylelding duplex prototrophs, but that these might often Bs difficult
to detect when each crossover was in the same region (i.e., both segregunts might
be - or both f£.) However, Hal has since shown an extraordinary behavior , which mal
me questicn any generallzation bassed upon it. The published map distances would
suggest, hcwever, an appreciable frequency of prototrophs duplex for Lac if all of
the sogrezants from a four-gtrand system were produced. In my hands, Lac duplex
prototrcphs, on dilute plates, have never been nors than one or two percent of the
total! I would be very much Interested to have a full protocol of your procedurs 4
compare 1t with present methods. Like yourself, I have mxschwxt how to prove that
the duplex represent sister segregzants. In a later experiment, on a larger sculs,
{exp. 64) 5 sectored, 17# and 512~ colonies were counted. A total of 52 sectored
and 130 were noted altogether (most of ths plates iere not ctunted for -).

45 of the ial-sectored colonies wome stresaked out to separape the Mal- from Mal#
epaponents. There ssemed to be a definite correlation as shown in this 2x2 table:

M-I WL That is, where the i~ was L-, the ¥ tended to b
Wi~ 19 5 L-also, and similarly when ! # was 1§,
WA 4 17.

In addition, the Lac-vlr and Lac#V.® classes were
marksdly deflciant wuung the duplex prototrophs as compared with th% others, This
certalnly seeus tuv busr tho noblon thalprgie ehinkeable iR FASEerNL ANHl M)Al Jux!
st o pointH siondithaile TONEMWMS of o fairly high order. Mal is not linked to
Lac (at least not in linear order). Ixcept for the pussibility of coincidnce (whic
is very parallel here to Lindegren's old observations on N, crassa) another simple
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way to test duplex significance would be to compare the rate of its occurrsnce
on minimal and on thiamin agat. Owing to the closs linkage (10 units) of 3j to
BM which necessitates a croasover to produce a full prototroph, omitting
thiamin should diminish the proprotion of duplex 10~-fold. I have noticed
dal-sectored prototrophs on minimal agmr, and thought theg were much less fre-
yueht tha#h on thiamin, but haven't really done a proper experiment.

Frankly, I have become quite leery nof the whole linkage system becamse of
the peculiar baiiavior of the Het heterozygotes. Mal, as you've read, is almost
invariably hemlzygous, usually Mal-. Also, most prototrophs from ths usual cross
are Mal-(from cdimparable parents). However, Cavalli and I agres that Mal cannot
be placed in linear linkage with the cther factors. If it is on an independ-nt
chrumogsome, tiils chromosome does not segregate properly. I think that the defici
of Hal# in prototrophs should be correlated with the loss of the segment carryin
Mal’” in the heterozygotes, but I haven't so far worked out a sultable mmchanism
to explain it. The rub is that I don't know to what extent the unequal segregati
I find in the perslstent heterczygotes may reflect what is going on always, so
the whole question is up in the air, as far as the details of the linkage mechan
are concerned. Mal ian't the whole story, as I've found one dipleoid heterozygous
for Mal, in several hundred teste, and it aiso segregates abnormally for Mal and
for other factors. Oal, {mmak (tentative symbol) is also usually hemlzygous,

but less uniformly Gal- in the heterozygotes,and not closely linkfed to Mal. So
here is ancther reglon which may turn up deficlent in the heterozygotes, aud dis
turn tge normality of the segregation. But I hops to turn up some sipluids event
whose segregation will not be distumbed. Until the story is cleaned up, any
linkage calculations will have to be treated with scme reserve. That isnnot to
say, however; that tests for allelism, and so forth, cannct be done white str
forwardly, and I presune that this is what you have in mind for your streptomyci
work. Any linkages that you pick up with Lac, Vy,mx (T-L) or By probably will be
ok also, and in fact, I would appreciate any lexd that you might picl: up on this
which would be very useful for the laborious work on the heterozygotes.

I read yowr puper in J. Bact. on sr, etec., with special interest in the
leaning that you show now towards a nuclear-segregation hypothesis. Judging from
our correspundence of the last year or two, I would gather that you didn't
accept this vary strongly before because of the zero-points with B/l. I am still
not convinced that at least some cf the zero-points may be artefacts. To turn th

argurent the other way round; I was a little surprised that your paper did
not bring in the possibility of seme delay in the action of streptomycin. Do you
have any information on the rate at which cells are killed? Nwsockddmeckmarkmcion

SRR R R R AR o R AR R AR Could such an effect COﬂpamt
for a delay in phnotyplc expressiocn? One of my students is woricing with Demere
this summer, and when he returns, I expect wiil try to test the dominance of sr
and sd in the heterozygotes, although I think that the present material is some-
what unsatisfactory because of the aneuploidy.

Be all this as it may, I am especially interested to learn of the unusually
high fregue..cy of duplex prototrophs that you've been running in to, and would
appreciate as many detalls as possible so that I can try to reproduce it. We hop
to go into 1t somevhat as an angle on our heterozygcte studies, but will gladly
(even sagerly!) leave it t¢ your competent hands. ‘

Yours sincerely,

Joshua Zederberg



